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PROBLEM TO BE SOLVED: To provide a high luminous-efficiency nitride semiconductor device which 
has an active layer containing nitride semiconductor including indium. 

SOLUTION: A first nitride semiconductor layer 101 having band gap energy higher than that of an active 
layer 16 is formed on at least one surface of the active layer 16. Further a second nitride semiconductor 
layer 102 having band gap energy lower than that of the first nitride semiconductor layer 101 , and a third 
nitride semiconductor layer 103 having band gap energy higher than that of the second nitride 
semiconductor layer 102, are formed on the first nitride semiconductor layer 101. 
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1) T*rsC<!:«JUK (*5MB»lC*5lr>T, 
In a Ga,. a N(0<a<l) *fcttSI<K<0*Rl;:«fc 
QTiiZftZg.itm^mft&mz I nGaNt^5:t^ 

* WIC, S i £ K-yifcG aNTniD>^ 
hm 1 3 £J£J5£T<5£, **U7«S<0S6^nS!Hai» 

n^3>^^7 i 3CD/ssK#icfHIBttte^ 
[0 0 2 3] nSJn>^^ H® 1 3^X-y^>^lCcfcO 

Al, Ti> W, Cu, Zn, Sn, Inl^ggL 

[0 0 2 4] nS*YU7B!i;a»Ji 1 4. 
11 4±l3fi5c^nt^l)ni)t^ HI 1 5H 

^^^l, na*tU7HCiiftIl 4H nMXX 
HS 1 5C0A*> H^t7 7'x^M-cl:0t)^W 

6114H I«> 0. Um-l/imOfSt*)84 
n, nI)t^KI15ll a*. 100t>^hP 

[0025] nmytx-i hm 1 5±i:M$m^§g 



* ^ ^Wt^^f >y^A^gik«¥W^b^ I 
n d A 1 c G a ,. d . c N (0<d^K O^e^ 1 , 0 
<d + e^l) i0tt-5#FJBt*-r*. »SL,<H 
#PStt, HtcSS^I n r Ga,., N (0<f <1) 
TM^tlS. = 7cfift<Z>I n G aNteOTCigiHOfcO 

[0 0 2 6] f^tT'b, ?§14/S 1611 I n G a 

L^^itf#p^ 3 i-ra 

igH nS!3t*f< HJB 1 5*«)naiJB±llift»tt»6n 
fc«THt UT^#FH*5«fctX6t»jS'<*» 1 cspfflijg 
0 l«Opffl)ita[»»r*«-bJii:bT 

»BJB*J«t^*l<0p«aft***#Jil 0 l^cDp^ 

oTfeiK »S»*««-raSlb«*W#^tt, Ga 

#FJBi:H«^ = 7CiE»0 1 n r Ga,. r N ( 0< f ' 
<I, fcfcU f <f) T»J*T*C L 
l». CCDctaicSttH 1 6*;t>H*ty^x*M- 
*W«C* I n G a N«*««Lfc*«S^#F«ii6<S:T 
£<h, 1 6 CD< >v^A^;i/#^£^*37^&£ 

^ttJKfSili'*** 1 *>L<te*3 0nflUfcL<ttpfl!Jg 
ft«*W#*^7;P5-^A ; E^»*t3CA*-c:i:^<t 
ot, *^«PffilB15B3t^J: 0 *t? 3 6 5 nm-6 6 0 nm 

££IC, #F^CD±(C I n G aNHlI^fait^ 
<h, I n G a NSgfiiA 1 G a N iCifc^TSSH^ffc 6 
dH^T, *0±l:*«T § ^ 5 y H» t UT^WA tf 
A 1 G a NB<E>JS2££ 5 y 2?£S§££*frTlCJ?< T€? 

[0 0 2 7] ^Ilf^SSTH #pl«7 0t> 

[0 0 2 8] SttH 1 6H F-^Ltt^fc© 

Mtt (7i7t7 p ^-^M^ ( fc^/Jfctt H 

tt) ^F-7'U;t)OTUK 1 
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-f XKS&oTtt, Hffl«fltt^(B;T"r*«l^l^**. ft 
fc, yija>oK-/H JSttJBS««T'<#Sfbtt¥ 

[0 0 2 9] JSttJBl 6»C«LTtt»6nT^*JBl© 
pMftftfe4MV*Jll 0 in JSttBl 6 (iOiKSBlc 

l^*fctt¥»*WBtt. A l **tt»b4fc¥«tt"rtt*> 
■6 I n g A 1 h G a ,_ g _ h N ( 0 £ g £ 1 , 0 < h ^ 
1, 0<g + h^l) Tfi2/££n, «M::#*L<ttH7C 
jgg(DA 1 j Ga H N ( 0 < j < 1 ) T^^$n^>o 
(*BJJBB8fC43V^T, Alj Ga H N (0<j<l) 

[0 0 3 0] mi <dp m^.<tm*mwm ioih ii 

^pSTftSCt^ffSLK »i:A 1 G aN«iS + f 
«-T*#F» l 6ic^LT^^T^c<ht- 

fi^tCMg, Zn. C, Be, Ca, BaSOT^ty 
H-^T* u 1 1: J:oT»6h*. 

1 x l 0 1 x i 0 22/ c m3 

^y'SATfcSiS, f©««H 1X1018-1X1 

0 20/ c m3 . ft\Z 1 x 1 0 '9- 1 x l 0 20/ c m3 T 

-yim ^F^t^XHig^, 4 0 0TOJ:T7- 
-V># 0R«EL9) t*C4*«J:0a*l^. 7--U 
>tf&'i=fvZi£\Z£D , MgH-^pBAlGa 
NO^^T 1 x 1 0 '7— 1 x 1 0 '9/ c m3 <F>3r\ U 7 

#]Atf> Alj Ga,.j NlC&l^T j (DfflfiO. 5«± 
©*fbft¥W#£«SSt**C£»c£9. 7 9*79— 
^ttfc* 7T*£&&< i l!ft{bfc¥*«*ftf»*c: 
i*«T#*. i Sfifb4M*Wtttt. pSMMMfc* 

Ttt**H-^T6^ nlJSfbtt^WttJIK-tom^ 
*V U 7Mti«r4«»©7* t^-TO«t H 

[0 0 3 2] mi 1 0 1 ©JPStt, « 

1 <Dmt*fa*m>fom 1 o i 'J7^s>*»j 

ttWKH *»#moiH 0. l/imHT, ^^IC 



jfSKIiO. 0 5 (5 0 0^>^X hP>^) £A 
T\ «%ffSl/<H0. 03/im (3 0 0^>^hD 

0 i <Dm2*c<DJ:o\zm<'tz>t* %i,\<Dp$m\t® 

**#H1 0 ltO>7!y?»4*l»JtT*. tt fttt^) 

1 <0Jt*a***^A 1 GaN8*<»*«ti/-D ! J8 

■i^-jxfc*. joi#o. 2£U:G>Ai j 

Ga H N5:ffl^fc8pi 5 0 0t>^ZhD-AHT 
<D/P£T¥aH#/I 1 0 1 £^/£T£C<h#a£L^. ffi 
10p«aft**»#il 0 1 (DffSOTIfi^tt4#tc©J 

[0 0 3 3] »2 0piSM¥«ftIl 0 2H mi 
OpfliSfbte^SHWi 1 0 1 <7>/\*> K=F* y?tt)\fi*f> 

*10pfiiJS{b«#«ffH 1 0 1 cfc 0 fc»eJi^6«tl 
fctt«K*B, «t>a*b<ttH l Jc^-Tcfc^tc, mi 
OpfiiJft^^a^JB 1 0 1 JC«LT«fiET*. m2o 
p<Mg{b4£j¥^{*/i 10 2H »SL<tt I n k G a 
,_ k N (O^k^l) T»*Sft. »«CGaNSfcttI 
nGaNTMt^CiW^lK CCD3l2cDp«g 
{btt^itf^JB 1 0 2 &G a NSfctt I n G a NtMt 

<&gk&v>&^m2<D¥m&m 1 o 2Wi^n§. m2 

Op«aftft*»#il0 2B0. 0 1 Aim- 5 Mm. 

L^tttf-f FJS<hLTfefflM#*o ft*5> »2G>p«Jg 
<bft¥35#Jil 0 2tt. T^-fc^-^ttWSr^-T* 

[0 0 3 4] £ *>\Z. ft\Z I nGaNSfcttGa NTf 

fcznitw,2<nvm&itm*mwm i o 2 n ei«K9i 

TafcSOpfflSEfbtt^WfrJB 1 0 3^$t^^^) 
^777ii:LT^«o InGaN*fcttGaN 
tt. A 1 G aNKJt^Teaaift&a^. ffiot, Stt 
■ «tDfe/t>H*ty^*S^* lcop»JS^¥S 
^ilOld:, *3<Bpffl£fb»¥*#» 1 0 
IC I n G a NSfcttG a ?>4-5* 2 O plgfktt* 

mwm i o 2&&&2-&z>z£\z&k>, »3<7)pflijs^b 
i opffiij^{b^¥^^^ i o i ictfc^TJK mf&-?z>z 

[0 0 3 5] m3CDpffliJg<b^¥^#! 10311*2 
^pffliJS^bft^S^® 1 0 2 OA*> F^-V 7^X^M 

<&p»jsfb«»¥i9#Ji 102^0 fc»ttJB^e>«nfcffi 
«t>a$b<ttH i »c*rj:5icai2opfiij 

gjb«I*ii0 2i:SlTM$n^« *3<&p« 




( 8 ) 



S^fctt*«ft« 1 0 3tt, A 1 s^tiaft****^ 
^In D Al„ Ga, +P N (O^m^ 1 , 0<n^ 
1, 0<m+n^l) T»JS-r*^t3&«»*t<. 
W*U<ttH7cilSOA 1 G aNT'Mf 5o 

[ 0 0 3 6] C(0*3<OpM3<fc4fe¥W#JB 1 0 3tt. 
fg2cDpffii|gfl:^¥^#/f 1 0 2 tf)A*> K^^X* 

£fl«R#an*. ff§3CDpffl«j^b^¥S#/i 1 0 3tt, 
U 7Hi:ii«)JiR^3tEBi;ji«)iBi: LTffffit^^ 

^T-fe^o c(r)m3<Dp&mit%o*mfcm 1 o 3«, 

0 5MrnJW±, 1 Mm«TOj¥£&^T£d<ha<lI£L 
<, dCOJPS CDtefflrtlC^^T, *£S14<D&l>3r* U7 
mC&&®t LTi$mL'&Z>. U&s 31 3 <D p Mftflsttl 

[0 0 3 7] fg3<0p{IiJ^{b*¥^#/l 1 0 3±£»« 
SnT^5pg3>^^hHl 7tt, pS33ft4fc¥alH* 
T'Mf&Zn*. WIC, pS3>^nil03^1nG 
aNSfcliGaN, iOtotfMgSH-^LfcpiGa 

[0 0 3 8] IEm«S2 0«, * y>8Mt»5fc6 
IC, N i * P d> I r> Rh, Pt, Ag, Au^<£ifc 

[0 0 3 9] *0K%«JB 1 8te> ttfttttttt* #£L< 

UTffiU^iHH J77?'ftlh8 3 0^l/Tn 
^n>^^ hi 1 3±lc»J5£;*ft-0>*. 
[0 0 4 0] Tte*?^, 7;^^^A^fti>itt 

7;i/5r. , >A'&=&2^k4» i l £ W#«:GaNH*fcttA 1 G 

<5d£rt*BJiiT**. W^LH nSGaN¥T«$n 
^nS3>^^hI13±l:, ni^t'J7ffii;^«6I 
14 (Oct 5 id, eUAfcfO. l/imK±iJI<Mt5^ 

#ICA 1 G a NTMtSC^^BMT*^. ^-CT% 
niJ >^ h@ i 3<0±\Z, $7v2®]±m3 0 tL 

n p Ga,. p N (0<pSl) n S!JB&JBfi£L 

nS** 'J7EHi;&tf>JB 1 4£fl2/£T£o ^^y^Efilh 
Jf 3 OO^SElCct 9, nS*t U-7BHi;&*» 1 4tt, 

0. l/mtli) «::dcfiS-t*S££rt<T#*. ^^^^ 
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KikJi3 0tt, 10 0^>^bD-AH±, 0. 5m 

y£R5lkJg3 0te, nl3>??hBl 3Brt»l:*o 

[0 0 4 1] H2J4*»^^»2<7)ffi«JC<tl)S<b«l* 
*«:LDx^WX*«lBSfi9»-^»rffiH"C*0, Hit 
H— ft^teW— H 2 <k* 
I«ll±l:lt Ay77B12*^bT, nS3>^ 
i7 ?7y>K±»3 0, Sg3 0nffliJg<b$3¥ 

2 0 3, |g 2 O n ffiiJg{b^¥S#Jg 2 0 2, Si 
<DnfidSffc*¥W#B 2 0 1 , mitm 1 6. p^7t^< 
HI31, p^tU7Si:^i (JfcHUi&fcJB) 3 
2, pffl3>^^ hH 1 7, «»*J9iJBl 8*«JH*»« 
$nil^, nS3>^^ hBl3l:ttft««19^ 
pS3>^^ hg 1 7 Ktt, lE^HS 2 OtfttStMlcSl* 

[0 0 4 2] i2 KjSTLDtVW J*IC*3^T, 31 1 
n filiaft** 2 0 K »2 0nfiUgffc«l¥8l#Jl 

2 0 2*«fctf*3©nMSfb«¥WttJB2 0 3 tt. «tt 

£>fg l <£> p ffi£<b$)¥3l#/g i 0 l . m 2 <D p fl«3{fc« 
1 0 2 *5<fc * 30p fl«Sfl:*!j¥*#JI 1 0 3 
t**WI-B«T*0* *ia>P«Sfctt¥»<Wll 0 
1, »2 0p<Mtfttt¥iM 1 0 2£i<ttfS£3<7)pffliJ 
Sft«)¥^B 1 0 3 KO^TaS^fcttfi^JfSUS* 

uswb. -tti-pfu si^nititws 

M20L »2<On«a<b«*W#J12 0 2 :fc<ttfil 

3 0nffla<fc*¥W^Ji 2 0 3(C^^TiBfflU»*. 
[0 0 4 3] fS#iC»03i-r<h, SttB 1 6 KB&LTJB 

ffi$nxi^» i<DnM^t®}¥mtem2 o 1 ta, stt 

<2u «p«CH*L<tt*l<0n«S<b*#W^JB2 0 1 

«E7tSSOA 1 G a NTM^n^. 
[0 0 4 4] Sl^n#|gftt)^i2 0 1OS$ 

t, §§ i opffls^btt^w^ i o i tn«. * 1 <&n<M 

g{b$)¥3J#JI 2 0 1 S*tU7 'J7) #h 

>*'J>J r Lfl5i:t»i:*^fS6Wt*. «fc9S# 
WlCtt, WM2 0 1H 0. Umt(T, SfclcW 
*L<tt0. OSum (5 0 0^>^7hD>^) 
T» «t>»*b<tt0. 03um (3 0 0t>?XhD 
-A) UTOJPSSWTfc^ttfSSL^. Siconffl"! 
ffljg*b$)¥«#® 2 0 1 fc, 10^>^XKD-A1U± 

coif s £^rr & £ t *<a* l 

[0 0 4 5] &*5, Sl^n ffiiJ2>fb«^^^® 2 0 1 
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-7 (^Ftt«4H-^Ltt^tt») Tfe»6tia*«, » 
SL^nSttSlCH ttSfiEfi*«-S i , Ge, S 
n> S»OHt-^F>l«l*H-^f4^ii:ctoT»5 
tl*. ^<£*I£> F 1X1016-1X1 
0 22/cm3 ^jgftTH-y-T^Cl^^JfSb^. £9 
;b#*>U3>te, lXlO'^lxiOVcmJ (Dm 
mifi¥tlzK3L L < * 1 x l 0 is- l x l 0 20/ c <*> 

[0046] S2^)n 0W^btt¥^#Jf 2 0 211 % 1 
On»Mft«*i 2 0 1 <7>A'> K^t^^X^M 

Sl<^niSM^I2 0 1 J;?)fcflH4B*>e>Bft 
fcffiRK:*0, flkt>a*L/<ttBI2 JC^-r-fc-S^* SI 

nfl!jaft:«*«M*» 2 0 2te, »3:L<te I n k Ga 
,_ k N <0£k£l) Tft2/££n, »l:GaN*fcttI 
nGaNT»fiEncttfff$LK *2 09n»JSfl:tt 
*»#12 0 2tt0. 0lMm-5Mm, SfclCjffSL 
<ttO. 0 2 /zm- 1 Mm©S*SSt5^«!:AW*L/ 

B<fcLTf£fflU#*. *2<Dnfl'Jgfl:«i¥«#B2 0 2 

*2OpMft«¥*#I102tt 1 -tO±»Ctt*Wff 
<»Sc4nS*3©p«2ftft**#l 1 0 3£lSfi£ 

S20n fliJSM b»¥ 2 0 2 , SlOn (M3fl:« 

¥*&#JI2 0 1 ^fi$^H^777liltl^ 
T£*, * 1 OnfiOfifbtt^SMfcB 2 0 1 

[0 0 4 7] S3 0nflS{btt¥i«l 2 0 3 ^, S3 
Op«affc**«#Ji 1 0 3 tW«, *t'J7Bi;ii» 
■RtX3ttHi;a*JiiUTf|s«-r*fca61ll2©nfliaflS 
ft^§ 2 0 2 ©/OF** '^x^W-iO 
*tt/t>F** -^l*A*-ML, S2©nffl"ISfl: 
4gj¥%#B 2 0 2<t0 fc*£ttJi 1 6*»e>(iftfcttBJC* 
0, *fea*L<ttH2lC*-r«fc'5»C»2 0nfflaft« 
^*I2 0 2l:glTM$n^ B S3^nlift« 

ui^SSK, 4*K:»3;L<ttH7cBII©A IGaN 
~CMf&~?Z>o :(7)$3Onli»#*I 2 0 3 t), 
0. 0 1/imW±, 2 m mUT. 3*>Kl#*L<tt0. 
0 5/imHh 1 /£m£lT©»S«:*T*^i*«a*L 

*5, » 3 O n «aft«**#B 2 0 3 tt n * * . » 

*3©n«»t«**#l2 0 3H »*L<f4nHG 
aNt«$n^ni3>^nil31l:, >77» 
M13 O^UTMSiatl^. 
[0 0 4 8] pB3tt#< FB3 l*«ttf pB**U7B 



Di&fcB OfcHt&a&fl) 3 2H -tft-fnpBeflS* 

&«£>B> 3 2<7>/OF**y^X*;V*-te, p§*ft# 
< FJB3 1 (D^rtlJ: D 
[0 0 4 9] @3lt SitS^Sffl'J (pfii]4od:^nffl) 

ii^n^n*%Bjo3@©^«ia*^fiS:Lfe^ffi^<t- 
5«t>»*l/^*»i:i5aftft¥*#LDf/W7t 

77S12^^LT, nS3>^^7HIl 3, 9vv9 
M130, JM©nfllS<b*¥»ttB 2 0 3 , £2© 
n«fiMb*¥**B 2 0 2, miC9nffiiJg*b$)¥g#Ji 
2 0 1, fttt/g 1 6, 9!ia)p««ft«¥«#M 1 0 

1 , S20p fi«S?fbtt¥*#B 10 2, S3(Dp flijgfb 
tt¥3J#B 1 0 3&£Zfpmzi>99 1 7 £^tfg 

B 1 7 ±K:te=i >9 9 h*— ;H 8 a*RW"fc«*l** 

XiElCliAtfil 9*Rtt6n, msit«^^2 0±C 
ttIEM2 0*«R**SttTtr>*. iE««2 0tt. 
5£Ji 1 8<DZi>9 9 h*— ;H 8 a^mLX vM^>9 
9 h« 1 7 iSLTti*. HSJC^-r^/W^SrWfiJcT 
5S«tt. H l*5i«H2lcHLTK«LfcfflOOfcfl!) 

[0 0 5 0] ft*. *SWOSM#«#T/H7S« 
/£T3gfb^¥^#/Ite, *r«S&J®mffl/£fii£ (MOV 
PE) fc<fcD#*L<J«*att*;i£a*T**. 
ft* 6. SEfls»¥SM*Btt, /W H?^f F«« 

fiJc^ffi (HDVPE) . a^ttAffiftSS (MBE) * 

[0 0 5 1 ] B4lt H3(CS-r«ifi©. ^Sfi^#F 

g)4lc^Tck'9Jw, ^Bflcoy^'v 
fn«a©LDr/M7Tli Oy^mSftft* 
»#«ft*r*»ttBl 6IC«bT, B 1 <0 p «SMb* 
*mi*m 1 0 1 ^ctC/S 1 <&nfflSffc«¥«#B 2 0 1 
OTttttSftTV**. "r&fc>^ SttI16 (£Dj1^1C 
te, -t©#FR) ©/OH*tyyx*A*-i0fe* 
a6iC»2©p«Bft*b*»#Bl 0 245J:tfB 

2 0pffi'JS>fb^¥©f*S2 0 20n>H*t77 r xW 
^-ct 0 fc^f^/OK^t7 yx^;^-$:Wt§ 2 
^coS 1 ©B{b«¥8H*B 10 1, 2 0 1*, SttB 1 
6 iCiSLTRttSttT^*. L*t>, :tlb 2 ^<Dff§ 1 

og^b%¥^^soK^^s<is^bT$>^>fc^, 

6*»#I10 1. 2 0 1H ^tU7i:«LTAU7 
2 0 3«W>e>»2©n«S{b*¥W#B2 0 2 I^SAS 

nfc«f+t'J7t, S3^pffii]^^fb^i¥^#:^ i o 3 

«*6»2fl)p«l«fc»*»#il 0 2KlftASftfciE 
?L** U7H F JzO^ft-enSI 1 ©nffiij 
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1 0 1 £3S#&ttfc C £*<T#. ?S14S 1 6 lC*5t>T34 
[0 0 5 2] fltaAStlfc + tUTIl fglOgfb 

MUtSioi, 2 o i <D/\y K^+y^x^;i/^- 

A«»ffiflE3fl«*iAT%). *t , J7liiSttBl6&t-/1 
-7D- ttt\ » 1 OlHMlMMMWi 1 0 1. 2 0 IT 

.Butansfca, **U7*<&ttai 6c*»c*fft£ 

ft. S»*J:<»3tr*Ct36t^Iili:a:*. tot, 

[0 0 5 3] ■=>«. ^fg^WxA'-f 

#:f*l::J:oTte. /SSL^I nGaNII*. -f 

•y^mmzm z ?-* J r , )7tjEJl*'r > J7&m&L, X* 
-> h > \zm-3 < R ft £ fc tt/W X * -> h >(C Sr^ < ^7t 
£-f-5. TTift-fe. Of^AUyfiWl If 
h*itfigf-#.>irX€r«fig-r-5. InGaN#Pi 

CO«fc-5fcSf F-y hsfctesf* •;/^7;*.£^/&■r 
•5/'•:^6t;:^;t. nm*mfcm±\z%m#Fm&. mi-m 

WM (7;Rr^AMgttfl«=15, 2 0 1) ± 
ft. *om2tf7 0^->^X ho- AWTT*SCi*i 

<i;^-e«)-sc:i:A^^ofc. ;r©#FJH8i£te. 

6-t©±lc¥*#»*»J«T*«fc3lC-r*4:»£J:<» 

ftSS "&tt««tt. Ti'-t^-WtimLTun 

#F1/- tf-<fc0fc|3Btemffll*<<6;<. J:0Kt»*tt»* 

[0 0 5 4] *<LT, *S!BJ«, nlSftft^ift^ 
7 FJf iKSiroi'vy FJI±lCf£tt 

<=>fcO 7 0*>^7. h D-AUrF£>/P££*rL. TiffiJg 
± CttTil&JI fc» L Ttef^g^ ©tfti T8£ It 6 ft tz'P 
ti< ifc 1 JI<7>#FJl£&^T£Sf #F18ig<£>fi§ttJi 

iCS^tt^ft. 7**7*-*tt**H-:7 r Lfc5Bfl;*l¥ 



£1^? El 1 ~H3lCggLTiflHJLfc7 ; A'-'f XlCfc 

$^i5. 2 o i) &(D&?si<D?yv vms&zrcit 

glS^SrJt-TfeCOfr-S. @SI1 CCD^A'I'T.SrtR 

fc6#-tf #F«5i££*-r-5 fcWt LT^S ftT^ 

u/ FE5 2±»C*Sf ^S-&«filT7 0*>tfX b 
n-ASXT<Dm2lZMl&2fttzmir#Wm (SttJl) 5 

4at-f>y9A^7«5 4bSMt5. «fc9i¥L 
<«. -f >5^>AU y^««5 4 a t'f AZfjm 
a54bt*^7K*fctt*-^XiLT#tL-. dft 
£te*#£#2 0~ 5 0^">^X ha— ATfcOtf, & 
< >v?A'J 2/^®*S5 4 aiS-f>yOA7'7i^5 
4 b t«#F^W®^l6)lC*3ViTXS(CJ5«*aB'JWI'K 
5'J£ftTI^5. Z\<7>m®L®S 4 0±IC«. 7 

FJf 5 6 A<IStt<B>ftTt^-5. 
[0 0 5 5] fe^5A/. If H7 KSittefif 
£$Bfc-r-5#FJf £*)-r*«ttJIte. B1~B3CHL 
TI(iBJLfcT : /N''rxiC*5ttSStta 1 6S«(£t5Ci 
ta*5. ffi#glb£#FJl<Z>A>F**-;/7' 

[0 0 5 6] c©«fc?«t«f Hy HSfcttfif 

[0 0 5 7] ffc^. 1 OCO^FeroffirtlCiJtiT-f 
W®^[B]IC±5t^T;^> H^-V y yoSTiS I nGaNI 

Hf-«— B.'T >yfAU y^««IC«-fe. 

f &\Zft&.-?2>iEK£Hm£-TZ>Z\ i:\zJ: K) h v <DX* 

)l*-*1!l\ti-?i>. f^MSt, ff^t UT<»:iE7L 

[0 0 5 8] cro«t-5 7i#Fl(C. ->U3>SOKt- 

x^;i/^-*ti*<^fi£aft5. *<Dtz#>. if^tu? 

«. £ oai^^F^U^>»KDX^;i,=P-2pfi(C^*». IE 
«f * 'J 7 1. iEJL^ -V U 7 1 L X «fc 0 /h S «c 



( ii ) 4#mmo-i26oo6 



tiEii** u 7£*<cfcD— BSffifbu cw-mm&it 
-y-r* c <t ic cfc o r/Hxomi«a*«s e \z{&t? 

ISO*, $fcBI»Iflifl<o*i:K-^l/T ! bJ:K 
[0 0 5 9] 

3iS£#] l 

**»«Ttt, B3K*T«i6afifMto¥*<*LDx/X 

[0 0 6 0] cfc<*»UfcXhf*^*«l 1 (M 

gA 1 2 0 4 ) SRJSMIrtlc-fcy hU ICSSrt^ 

[0 0 6 1 ] O^T, M$:5 1 OlCSTTfrf, 

h'J^fi^'J^A (TMG) ttffll^ S1S1 1±K1 
GaNA'777il 2 £#J2 0 0t>^7 ho— AOJP 

[0 0 6 2] A«;7 7Bfilcfi», TMGiSOMi6T7 
>*-7»Xt«LJa:*«6, ia^fc 1 0 3 0t^T±# 
Si*fc. 1 0 3 01CT\ TMG#X£igttJU F-/S> 
h^7tLTy7>^ (S i H 4 ) ftJHUT, n^n 
h/f 1 3 <hLTS i F-yniGaNI^4mn 

[0063] mjs^8 o oncTtf, mntfxt 

ITTMG, TMI (hU^fM>y^A) *5£tf7 

T, S i K — ^ 1 n 0 , Ga 09 N &K>UZ>>7 =7 y 
±M 30^ 5 0 0t>^h P — AO! SlCfifcfiSi* 

[0 0 6 4] ffliK* 1 0 3 0TC£±W\ 

XtlTh'J/W7J^r^A (TMA) , TMGfc 

^, S i H-^nSA 1 0 . 2 Ga o.8 NiDW»3® 
niifffl¥S»12 0 3^0. 5 MmOJP£ICf$fi£ 

[0 0 6 5] 8 0 OnrTtf, TMAffiO 

*±«)T* S i H-:/nfflGaN«fc0fc4SS2<&nffl3g 
ftft*i#l 2 0 2 £0. 2/imO»Sl:j«fiStfc. 
"P^T, fflffi* 1 0 5 0 < C»C±tf, mnfiXlZTMA, 

>£fflt>T, S i K-^niA 1 0 , Ga 09 NJ:0& 
*S§ 1 On^MeiMI*! 2 0 1 £ 3 0 0*>t?7s h 



[0 0 6 6] #KJgm#X£LTTMG, TM I 45<fctf 
7>t-7^^Tffittil 6*KT©a9KjE£fi2-ti- 
fco *r, 8 0 0tl:S» IT, J > K-7 I n 

02 G a 0 . g N£r>fc6#F/f £2 5t>^XhD-A 
0«JPTJBS*S-frfc. I tf^JHtSrSMfcSiS: 

T, »ST* 7 > K — 7 1 n 0 0I G a 0i99 NJ: QU 

zm&m* 5 o*>^x hn-A<Dmm'r?fiL&2 j &z>o 

[0 0 6 7] *IC, M^^: 1 0 5 0riC±^, TMG, 
TMA, 7>*:~7, is? D^/^yl^vny^ 
A (C p 2 Mg) Mg H-^plA 1 o.i Ga 

0i9 N«ktift**i <ov>m&itvo*m<*m ioi$3o 

[0 0 6 8] m^X, 1 0 5 Ott', TMG, 7>^6- 
7, *5cfctfC p 2 Mg£m>T, MgH-^pSGaN 
«t 0 & 2 © p aaft«l*»#l 10 2 4 0. 

[0 0 6 9] O^T, 1 0 5 0X:T, TMG, TMA, 
7> : E — 7* D^>^yl-K^y^7A (C p 
2 Mg) , Mg K-ypiA 1 o.2 G a 0 8 N 

J:0rj:S*3Opfflagfls«l^»*JBl 0 3*0. 5/im 

[0 0 7 0] gmtC 1 0 5 OtTMg H — 7^p ^G a 
NiO^^pi^y^^hll 7^0. 5/xm<E>JS£K: 

•>x-A*JR«:«g^«5*0UiU- 7 0 0 < CT^x-A 
hJI l 3<&«ffi#*ffi-r«*TX h7^^i:x7f> 

ts»^l3o^ 

LT, p$3>^^ h@ 1 7 £ig"r*cfcotCN i iAu 
J:0«:*IE««2 0«rXh5< yttlCWrtUfc. -y?T 

1 iA 1 «fc0&*A«ffil 9 Yv^-Jmzl&J&l, 

[0 0 7 1] ^C, ^x-A&X y«60®S(CS 
flsfltLfc8L ¥fr«KlS i 0 2 tT i 0 2 <ht£5K*g 
ffi]T, A-4MLT7 h7<yit^X4 /xmx 6 0 0 

T (/^Xffll 07-f^n^ x^-T-Wttl 0 %) 

«fiifi*4 0 0 nmOU— tfJgfi^WlgSn, KM 
/UXlffi8S=2kA/cm2, T 0 (4#ttiSS) = 

2 0 0 

[0 0 7 2] fr\Z, 7 r A<*<0Hffittiffiffiffi<0ffi£tt^ 



( 12 ) ^ $#^¥10-126006 



e x p (T/T 0 ) 

<ffiU T : ftfl£&.ff (K) . T 0 : £H4i&g (K) ) 

[0 0 7 3] 1 CDtVWXIC*5^T, SB 1 ©Sft 

4fc¥W#JHl0 1, 2 0 l^^fnfcMUW^fcl 

T, m 1 toaft***^)! 10 1. 2 0 1 

tt, J lh = 3 k A/cm2 . T 0 tt 1 0 0KT*^fc. 
m&0J 1 CO L D r/H Xtt, mi <0g{tft¥*?#Ji 1 0 
1,201 %LJj<DA 1 j G a ,_j N <D j ffl#0. 1 

£ (usseu) . Bijirat^fcctc)^, j lh =2kA/c 

m2 , T 0 = 2 0 0 KT*ofc*«, jl^O. 2 0|§ 
ta, J , h = 1 . 5 k A/ cm*, T 0 =3OOK, jffl 
#0. 3 0lSttJ lh =l. 4kA/cm2, T 0 = 4 
OOKT^O, #38^0LDx/W:*©iftatt*tt**#« 

[oo74] mmm 2 

»10n«Sft*i*»#B2 0 1 £j£«Sl*&j&^fcEt 
tttt. M« 1 tB«l:LT*5t^©LDr/HX*» 

WIT^O, SI 1 OnS + t UTBBUiiAJB <7tBiU& 
8&g) 1 4 3»«. »3©n«»t«*«#Ji2 0 
U n8»tt#< F* 1 5*«. S 2 <D nfiJfifk«¥3»#B 
2 0 2 K^T£fcCDT£>£o uOLDr/H^ttJn 
= 3 kA/c m* T%$g»fi4 0 0 n m©U— tf58JI*« 
ffi^^n, T 0 = 1 0 0 KTfcoifc. 

[0 0 7 5] ftffiftl 3 
fg 1 CO pffiij^ifctt^aUffcJi 1 0 1 

X«M 1 iB«i:LT*»WOLDf 

tLTi50, 02^pS+tU7Hi:^^i OfcBHEfc 
a6H) 3 2^, JB 3 <D p ffig<fcfe¥*lteJf 1 0 3 tcffi^ 

1 0 2 iCtg^-r^^OT^^o CCDLDf/WXH ^ 
«fl2flOLDi:Hi;<, J lh =3 kA/cm? TSliS 
*4 0 0 nmOl/-f56S* < 8BSn, T 0 = 1 0 0 K 

[0 0 7 6] Hffi#J4 

y I n 0 . 2 G a 0 . 8 NCD#F®cfc 0&^>#-tf#P8! 
iS<hb, mi (?)piftt¥i|*I 1 0 1 6A 1 0< 3 G 

WOLDrA^^ilf;. C<7) L D h J , h = 5 k A/ c 
m* T56JS&S4 1 0nmWU-1f«fi^llB4n, T 
0 =50 
[0 0 7 7] HJEfl&J 5 



* 2 0nffl«{fc4fe¥3H«B2 0 2£S i H-^nll n 
0>01 Ga 0i59 NTMU »2G>pffiSfl:«l4*W# 1 0 
2 ^Mg K-ypS 1 n 0 . 0 |G a 0 . 99 NT«fiJcUfc£Jl^ 

[0078] nmme 

#iUTi/U3>$: 1 X 1 0'Vcm3 OiBKTH — ^ 
LfcKJM*. Jtttfll tB«i:lT*»W©LDf/W 
X^^SiU/co dOLD^AW^te. S1IW10LDT 

4$<i;^ 1 0 *rfi]±Lfc. 
[0 0 7 9] Hffi^J 7 

-^tLTV^y^i.^ 1X1 0>«/cm3 coffi 

1 OLDf/HXtSSBW»tt«*tft. 
[0 0 8 0] ^JS0iJ8 

»tLT->U3>*lxi Oi9/cm3 coiggT45£tf 
7?t^-^«fttlT7^^f>AS: 1 x 1 0 18/ 
cm3 ©»StH-yifcBinH 

7c «, 
[0 0 8 1] 

^/>H-yi n 02 Ga 0i8 N <¥*3fflfifc> »FIJ^ 

a^te, mmmi tmmiz^TLDT/^ T.zftmv 

-f>y>AUy?**tta**BffI n 0 . 4 Ga 0>6 N 
K«3U Oy^Ayji^IWlSl n 0 . 02 G 
a o . 9g NIC«MST**><0T*-3Jfc. ffF^coKE 
TEMfBCiO, ^nfft¥«T3 0t>^XKD- 

HBSnfc (B5*RB) o C5lTfPBLfcLDr/W 
45l>T4$<fc-t3 0 %fiTl, T 0 l:t^T2 0%f*J±L 

[0082] nmmi o 

fttfFJIKS' U zi >£ H-y LfcK*tt*«« 9 <hn*l*I 
iClTLDf/HX^SLfc. COLDfAMXH 
SUEM 1 <Z>LDxA<XK»LTHffi«ffi«SK45t>T 
45£ir4 0 %{&TU T 0 IC45(^T 3 0 % r*]± 11^ 
fc. ftis, ±«E**ttflnc43^T. «flE*«^««Ltt 
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( 13 ) ftffiW- 10-1 26006 



[0 0 8 3] tt±»WU*:*t6«-Ctt. gt>Sf*b^fi»J 

tonic. ioMSi^S^ISSAtictfeTf 

[0 0 8 4] 

3 ft. 7.fflSrt<±#LTfc 

ft£. 

[0 1] *&WC0m 1 CDSg^lC^-SLD^/N'-f T.£«tBS 
WlC^-r^rSE. 

[0 2] *%S^2roIIl:i^LDr/H T.£«IBS 
WlC^flKrEEL 

[03] 3 WiftCi* L Df/H 

[0 4] 0 3 IC^-fT^W XffiitlC^JS-T^X*^^- 
[0 1] 




A'> F£^-f 0. 

[0 5] *^BJC75^4 W$Hfil::#-5LDx/\WX£tKB& 
WIC^-T»fE0. 

[06] ft#<DLDxA # -f T.OBJSillCfcfJfcTSX*^ 

1 

1 3-n^3>^i7 SJI 

1 4-nl!*-r 'J7gIi;&s!>Jf , 

1 HJB 

16. 5 4-flrttB 

1 7-pS3^> h/I 
1 

2 0— jE«« 

3 0- ^7S/^WitS 

5 2-Sl©i'75' h'JI 
5 4 a —f >v"}A'J 
5 4 b»-f ^v^i^Si 
5 6-m20>77v H® 

i o i -as i © p mg.itvo*m&® 

1 0 2 2 © p ffl!Jg{ti»¥i8S#B 

1 0 3-m3 0pffliJ^ftife*^#:S 

2 0 1 -m 1 On«SEfl:*¥*<*:JB 
2 0 2-$&2<DnW&lt%> i tiS&m 
2 0 3-S3©n«t¥^i. 

[02] 
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[03] [H4] [06] 




